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THE REACTION OF MEDIA 


MopErN work in bacteriology has shown that among the 
factors influencing growth the reaction of the medium is an 
important one. 

Many observers have pointed out that although some bacteria 
will grow in media having a wide range of reaction, there are 
certain reactions at which optimum growth takes place. On the 
other hand, there are certain bacteria which require a more 
limited range, so that to obtain the best possible growth the 
reaction of the medium employed must be accurately defined 
within these limits. 

Until a few years ago, the reaction of a medium was expressed 
in terms of the amount of a standard normal or decinormal acid 
which would be necessary to bring the medium to neutrality, 
using litmus paper or phenolphthalein solution as an indicator. 
This method served a very useful purpose in adjusting media of 
similar composition to a more or less arbitrary standard which 
trial had shown to be generally suitable for growth. Later 
experience has demonstrated that these titration tests do not give 
the true reaction when carried out in media of different com- 
positions, and, what is more disadvantageous, tests carried out 
by individual workers, under what are presumed to be identical 
conditions, lead to widely divergent results. This is shown in 
a table given by Clark in which eight careful observers, using 
the same apparatus and the same medium, obtained results 


varying between 0-7 cc. and 5-le.c. of a S NaOH solution in 


titrating a 5 per cent. peptone solution. It is clear that the 
reactions of these neutralized peptones cannot have been the 
same, and that errors of this size may be serious. 

If under these carefully controlled conditions the variations 
were so great, it can be safely assumed that workers in different 
laboratories would encounter even wider discrepancies when 
attempting a similar series of experiments. 

The causes of the errors in titration are partly due to the 
personal equation of the manipulator, his colour sense, &c., but 
for the most part to the fact that the end point is not sharp. 
Near the end point of the titration there is a zone where the 
addition of acid or alkali does not produce a striking change in 
the colour of the indicator (see Buffers, p. 7). 

The true reaction of any fluid is determined by the amount 
of hydrogen or hydroxyl ions which are present in it. For 
theoretical and practical reasons which are not for the moment 
important, the reaction of a fluid is therefore expressed by the 
concentration of hydrogen ions which it contains. Using this 
standard to check the results of the older titration method an 
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example of wide departure from what was expected may be 
quoted. A ‘neutral’ plain broth was prepared, using the titra- 
tion method to determine its reaction. It was found to have 
a Py of 8-4. This, as will be shown later, is a difference between 
1-0 x 10-7 (= neutrality) and 0-04 x 1077, or a difference in hydro- 
gen ion concentration of 1 to 25. It is evident that errors of 
this magnitude may readily give rise to difficulty, or mistakes, 
when the bacteriologist is dealing with organisms which only 
grow well within somewhat narrow limits of reaction. It would 
appear, therefore, that the determination of the true reaction 
of a medium should be adopted in place of the titration figure 
now in common use, provided that this can be done simply and 
expeditiously. 

In accurate determinations of hydrogen ion concentrations 
the hydrogen electrode is used. 

The principle involved in this determination is that if a 
solution containing a certain concentration of hydrogen ions 
is in contact with a metal saturated with hydrogen, a difference 
of electrical potential is set up due to the transfer of hydrogen 
ions from the place of saturation (the electrode) to the place 
where the hydrogen ions are in lesser concentration (the solu- 
tion). Depending on the concentration of hydrogen ions in the 
solution, this difference will vary, and can be measured. From 
this measurement the concentration of hydrogen ions in the 
solution can be readily calculated. The details of the method, 
in so far as bacteriological media are concerned, will be found 
in papers by Walpole and by Barendrecht. 

In ordinary laboratory practice very accurate results may be 
obtained by a colorimetric method, which is comparatively 
simple in its application. This is the method advocated and 
described later (pp. 12-15). 

Nevertheless it must be emphasized that the determination 
of the hydrogen ion concentration by the hydrogen electrode 
is the final court of appeal. 

The simple considerations on which the true acidity of a 
solution are based may be stated as follows: 

The acidity is expressed in terms of the weight of free hydro- 
gen ions present in a litre of solution. This is entirely analogous 
to the ordinary expression of the strength of solutions as ‘normal’ 
or ‘decinormal’, but only when the following considerations are 
taken into account. 

In a normal solution of hydrochloric acid one has 36-5 grams 
of the acid in solution, of which 35-5 grams consist of chlorine 
and one gram is hydrogen. In the case of hydrogen ion con- 
centration the anions (chlorine in the case of hydrochloric acid) 
are neglected, and the kation, hydrogen only, is referred to. 

Hence, in a normal solution of hydrochloric acid there ought 
to be 1 gram of hydrogen per 1,000 c.c. The concentration is 
therefore 1/1000. As the concentrations of hydrogen ions dealt 
with in biology are very much smaller than this, it was found 
to be more convenient to express the normality in terms of 
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negative powers of ten. Thus in dealing with 0:1 normal 
solution, the expression is 1x10; 0:01 normal = 1x 10~?; 
0-001 normal = 1 x 107°, &e. 

In a solution of hydrochloric acid, the dissociation of the 
hydrogen and chlorine into the respective H and Cl ions is 
nearly complete. If it were complete, a 0-001 normal solution 
would have a hydrogen ion concentration of 1x10°%. This 
is not strictly the case, for a certain amount of the acid is not 
dissociated, and therefore the amount of hydrogen ions is less 
than 1x10-*. Investigation has shown that the real con- 
centration is 0-97 x 10-°, because only 97 per cent. of the acid is 
completely dissociated. | 

The difference in the case of hydrochloric or any other ‘strong’ 
acid is not great, but in dealing with organic acids, such as are 
frequently encountered in biological work, a much greater differ- 
ence will be found. This is due to the fact that these acids 
dissociate much less completely than hydrochloric acid. For 
example, in the case of 0-001 normal acetic acid, which ought to 
have a hydrogen ion concentration of 0:97 x 10-° if it were as 
completely dissociated as hydrochloric acid, experiments have 
shown that the real concentration is only 0-136 x 10~°, that is to 


f 2 A OSO7 
say, acetic acid has only = or approximately one-seventh of 


the amount of hydrogen ions contained in a similar solution of 
hydrochloric acid. 

The method of expressing the hydrogen ion concentration 
directly has proved cumbrous and inconvenient, for two numbers 
are involved in the expression, viz. the actual amount and the 
minus power to which this is raised. It is not easy to use 
this expression in constructing curves except by keeping the 
power constant, and then the figures become so great that a very 
large graph is necessary for their exposition. The second difh- 
culty is that the hydrogen electrode method of determining 
the reaction, on which all these data are based, does not give 
the results directly in this form. On this account Sérensen pro- 
posed designating both figures in terms of a negative logarithm, 
and the custom has been generally followed. The minus sign 
is understood, but is generally omitted. Hence 1 x 10~-° becomes 
5-0; 1x 10° = 6.0, &c. This value is known as the ‘hydrogen 
exponent’ and is usually written Py. 

The only difficulty for the beginner is in translating the 
actual hydrogen ion concentration into Py when the amount is 
a fraction. lor example, it is quite easy to understand that 
1x 10~° is equivalent to Py 5-0, but the process of transforming 
2-0x 10-° into Py is not so simple. The method of conversion 
is as follows: ) 

100 x10" “or Py = 5-00 
° 2:00 x107? or Py AZ, 
for the logarithm of 2-0 = 0.3. This added to —5.00 = — 4-70, or, 
the minus sign being always understood, = 4-7. 
To take a practical example. ‘The hydrogen ion concentration 
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of 0-001 acetic acid is 1.36x 10-4. The logarithm of 1-36 = 0-133. 
Hence the Py of this solution is 0-183 —4.00 = 3.867, 

The following table, taken from the paper of Hurwitz, Meyer, 
and Ostenberg, gives the relation between some constantly 
recurring hydrogen ion exponents and the actual concentration. 


Hydrogen ion Hydrogen ion 


Py. concentration. Py. concentration. 
6+4 AIC RILO mat 705 On32 1 Ong 
6-6 2b On! 76 0:25 x 10a! 
6.8 PO UX Ons vat 0-20 xI077 
7:0 130 X107* 78 0-16 x1077 
rel 0-8 x10? 8-0 0-10 x 1077 
762 0-63 x 10°7 8.2 0-063 x 1077 
get 0:5 “x Io? 8-4 0-040 xX 1077 
Tod 0-4 x 1077 


Two features must be noted when dealing with such minus 
logarithms. One is that the actual amount of hydrogen ions 
increases as the Py decreases. That is to say, Py = 7-0 repre- 
sents a more acid solution than Py= 8-0. The second point 
is that as these are logarithms the amounts represented are 
logarithmic and not simple quantities ; thus, as will be seen 
by a reference to the above table, a Py of 7-7 represents a solu- 
tion containing twice the number of hydrogen ions contained 
in a solution with Py=8-0. Similarly, a Py of 3-0 indicates 
that the solution has ten times as many hydrogen ions as a 
solution of Py = 4-0. 


NEUTRALITY. 


It has been ascertained by experiment that the total con- 
centration of hydrogen ions existing in the purest water at 
20° C.=1x10-%. Hence the hydrogen exponent of water is 7:00. 
This must represent neutrality, because in this liquid the hydro- 
gen and hydroxyl ions are equally balanced, any dissociation of 
water which takes place gives H— and OH + in equal quantity. 
The optimum growth of most bacteria takes place in this region. 
The attempts which have been made to fix a neutral point 
in bacteriological media by means of titration have usually re- 
sulted in a fluid which is on the alkaline side of neutrality. 
Whether this is more advantageous for growth than strict 
neutrality has not been determined. We do know, however, that 
the reaction of the blood fluids is in the region of Py = 7°5. 

All bacteria, in fact all forms of living matter, produce acids in 
the course of growth. With animals, lactic acid is one of the 
principal products. Bacteria also produce this acid, and, in 
addition, formic, acetic, propionic, butyric, and other higher acids 
are formed. These lead to the acidification of the medium. This 
is a familiar experience with B. coli, one of the characteristics of 
which is to produce so much acid in a medium containing certain 
carbohydrates that neutral red changes colour. 

The accumulation of acids is one of the main causes of the 
cessation of growth. It can be shown that not only do bacteria 
stop growing when they have produced sufficient acids to give 
rise to a certain hydrogen ion concentration, but that a medium 
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originally adjusted to such a reaction absolutely inhibits growth. 
The same medium made slightly more alkaline will permit growth. 

The question of acid production and its effect on the growth of 
bacteria is important, for one of the factors in securing an abun- 
dant growth is to have the initial reaction of the medium at the 
proper level, and a second is to prevent the acids produced from 
effecting a change in the reaction of the fluid. 


REGULATORS OR BUFFERS. 


An abrupt change in the reaction of the medium when acids 
are developed during the growth of an organism is prevented by 
the presence of certain compounds which have the property of 
taking up hydrogen ions. This property is possessed by proteins, 
amino acids, and certain salts such as the soluble phosphates, 
carbonates, borates, &c. All these compounds are called ‘ regula- 
tors’ or ‘buffers’. They take up hydrogen ions so that the 
addition of moderate quantities of acids makes a comparatively 
small change in the reaction of the fluid. 

The so-called ‘ buffer effect’ has been experienced by all who 
have titrated bacteriological media. The usual experience is that 
‘a sharp end point’ is notobtained. The colour changes gradually 
as alkali or acid is added, and the full and pure colour of the 
indicator is not given until what is apparently a large excess of 
reagent has been added. ‘This is quite different from the sharp 
change which is observed when a strong alkali and acid are 
titrated against one another, using the same indicator. This 
gradual colour change in the indicator when used in organic 
media is due partly to the circumstance that an indicator has a 
considerable range of reaction through which it changes colour; 
thus phenolphthalein commences to acquire a pink colour at 
Py = 8-00, but does not develop its fullest colour until Py = 10-0, 
Various indicators change at different ranges: methyl orange, for 
example, changes between Py = 38:00 and Py = 4-7. Inter- 
mediate between these we have a number of indicators whose _ 
range of change has been worked out. It is due to Clark, and 
those who have worked with him, that the following series of 
indicators has been investigated which have colour changes 
between Py = 1-0 and Py = 10:0: 


List of Indicators and their Range. 


Indicator. Range. 

Thymol sulphonephthalein, acid range ; : , 1-2-2-8 
(Thymol Blue) 

Tetrabromphenol sulphonephthalein , ; : 28 -4-6 
(Bromphenol Blue) 

Orthocarboxybenzene azodimethylaniline .. : 4°4-6°0 
(Methyl Red) 

Dibromcresol sulphonephthalein . . : ' 5+2-6'8 
(Bromcresol Purple) 

Dibromthymol sulphonephthalein : : ‘ : 6:0-7°6 
(Bromthymol Blue) 

Phenol sulphonephthalein . ‘ : ; ; : 6-8-8+4 
(Phenol Red) 

Orthocresol sulphonephthalein ‘ ; ; : 7-2-8:8 
(Cresol Red) 

Thymol sulphonephthalein, alkaline range . : : 8-0-9°6 


(Thymol Blue) 
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The description.of these indicators and the method of using 
them will be found in Clark’s papers referred to in the biblio- 
graphy at the end of this report. 

One of the most useful is phenol sulphonephthalein, or, as it is 
usually called, ‘phenol red’. The colour changes are best ap- 
preciated between Py = 7-2 and Py = 8-0. Itisin this region 
that the most useful reactions for bacteriological media occur. 

Within the range Py = 7-2 to Py = 8-0 the tint of a solution 
to which a little phenol red has been added is a measure of the 
hydrogen ion concentration of that solution, and hence its true 
reaction. While phenol red is suitable for this range of reactions, 
other indicators must be used when other regions of acidity are 
investigated. 

The initial reaction of a bacteriological medium may be de- 
termined and controlled, in terms of hydrogen ions, by adopting 
the following procedure. A solution of definite and known 
hydrogen ion concentration is prepared, and to this a small 
amount of a suitable indicator is added. The tint of this forms - 
the standard to which the medium must be brought by titration. 
A precisely similar proportion of indicator 1s added to a small 
sample of the medium and the tint compared with that of the 
standard, care being taken that similar thicknesses of solution 
are viewed in both cases. Acid or alkali is added from a burette 
until the colours of test solution and standard match. The 
yellow-brown colour of the original untreated medium is readily 
and accurately compensated, in making the colour match, by 
interposing a tube of untreated medium between the standard 
tube and the source of hght.! 

With a series of solutions of known hydrogen ion concentra- 
tion and a suitable series of indicators any initial reaction may 
be imparted to a medium within the range Py=1-0 to Py=10-0. 

Further, the final hydrogen ion concentration resulting from 
bacterial growth may be rapidly found by merely adding indicator 
and comparing the tint with the series of standards. ‘he whole 
process 1s simple, rapid, and accurate. 


THe PREPARATION OF SOLUTIONS OF DEFINITE KNOWN 
HyprocEn Jon CONCENTRATION. 


For range of reaction between Py = 6-5 and Py = 8-0 a suit- 
able series of standard solutions may be made from a solution of 
disodium hydrogen phosphate—the ‘sodium phosphate’ of the 
British pharmacopoeia—and acid potassium phosphate. 

As the proportion of the dihydrogen potassium phosphate in- 
creases, the hydrogen ion concentration of the solution increases 
owing to partial hydrolysis of the salt. 


1 There are certain salt and protein errors which occur with some indicators which 
cannot be disregarded when small differences are being noted. A discussion of 
these errors will be found in a paper by Clark and Lubs, J. Bact., 1917, 2, 123. 
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The method of employing phosphate solutions of a definite 
hydrogen 10n concentration and phenol red as an indicator, as 
standards for bacteriological work, was introduced by Hurwitz, 
Meyer, and Ostenberg on the basis of the previous work of 
Levy, Rowntree, and Marriott, who had determined the reserve 
alkali of the blood in this way. Hurwitz and his co-workers 
compensated for the colour of the medium by placing tubes 
of media in a line with the standard solution. In this way 
a very perfect compensation is easily accomplished. It is the 
same method which Walpole had previously employed in a 
different way. The standard solutions of Hurwitz, Meyer, and 
Ostenberg have been since employed by. Cole and Onslow and by 
Clark. Cole and Onslow use two standard solutions instead of 
one, and Clark has developed media based on the reaction between 
potassium phthalate and acid potassium phosphate and hydro- 
chloric acid or sodium hydroxide. With these reagents standard 
hydrogen ion solutions may be prepared ranging from Py = 2-11 
to Py = 8-02. 

The solutions necessary for preparing a set of standards of 
definite hydrogen ion concentration are: 

1, A 1/15 molecular solution of acid potassium phosphate 

EEL 2O,. 
2, A 1/15 molecular solution of disodium phosphate Na,HPO, 
2 0). 

3. A 0-02 per cent. solution of phenol red. 

The following are the directions for preparing these solu- 
tions : 

1. A pure acid potassium phosphate is prepared by recrystalizing 
the salt two or three times from distilled water. It is dried first 
between filter paper and finally in a water oven at 100°C. 

Of this salt, 9-078 grams are weighed out and dissolved in about 
500 c.c. of distilled water contained in a litre flask; 45-5 ac. of 
the indicator solution are added and the volume made up to 
1,000 c.c. with distilled water. 

2. The dihydrate of disodium phosphate has been found to be 
the most suitable for preparing a standard solution. It is made 
as follows: A quantity of the crystalline sodium phosphate of the 
pharmacopoeia, which should be of the purest quality, is placed 
in a flat dish in a layer not more than 1-2 cm.deep. It is 
covered with paper to protect from dust and allowed to stand 
for about two weeks at room temperature. The room should 
be dry; for when the atmosphere is very humid, the salt may 
not lose the necessary quantity of water. The salt should be 
turned over with a spatula every second day, and any of the 
larger lumps crushed. At the end of two weeks the salt is trans- 
formed into a snow-white granular substance having the com- 
position Na,HPO,, 2 H,O. A check may be made of the loss of 
weight during the last tew days by weighing out about a hundred 
grams with an accuracy of 0-1] gram and weighing again in the 
course of a couple of days. The two weights should agree to 
0-1 gram. It is advisable to have the water content of the salt 


10 


checked by analysis. This may be done by determining the loss 
in weight when the salt is dried to constant weight at 98° C.in a 
water oven. The loss should equal 20:2 per cent. of the weight 
of the dihydrate. A 1 per cent. solution should give a red 
colour with a few drops of phenolphthaleine. Of the di- 
- hydrate so prepared, 11-876 grams are weighed out and dissolved 
in about 500c.c. of distilled water contained in a litre flask. 
45-5 c.c. of the indicator solution are added and the volume made 
up to 1,000 c.c. 

3. The 0:02 per cent. solution of phenol red is prepared by 
dissolving 0-1 gram of phenol sulphonephthalein in about 100 c.c. 
of distilled water to which 10c.c. of N/10 sodium hydroxide 
solution have been added. The solution may be hastened by 
gentle heating. About 300c.c. of water are added, and the 
alkaline solution of the indicator is exactly neutralized with 
10 c.c. of N/10 hydrochloric acid. The volume is then made up 
to 500 c.c. 


Tur PREPARATION OF STANDARDS. 


The standard phosphate solutions are based upon the following 
data taken from Sérensen’s table. The mixtures have the corre- 
sponding hydrogen ion exponent set against them. 


ce. N/15 Na,HPO,. cc. N/1g KH,PQ,. -log. (H) or PH, 
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From this table by means of interpolation the following table 
of mixtures has been constructed. These figures have been 
checked by actual determinations with the hydrogen electrode, 
and are found sufficiently correct for practical purposes. 


c.c. of 1/15 molecular Diluted with 1/15 molecular 
Na,HPO, solution. KH,PO, solution to Pu. 
33-0 100 6-6 
4365 100 0:7 
49°5 100 6.8 
55«5 100 6.9 
O10 100 7-0 
66-5 100 71 
72°O 100 762 
76+5 100 763 
80-5 100 74 
84°0 100 705 
8665 100 70 
89:0 100 709 
QIe3 100 748 
93:0 100 79 
94° 100 8:0 
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The apparatus necessary for preparing the standard tubes of 
definite hydrogen ion concentration are : 

1. Standard burette, 50 c.c. in 1/10ths. 

2. Standard 100 c.c. flasks. 

3. Tubes to contain the standard solutions, 

These are made from ‘cordite’ tubes. They are thoroughly 
cleaned by boiling with distilled water, rinsed out several times 
with water, and dried in the water oven. They are then drawn 
out in the blow-pipe flame about 8 cm. from the sealed end so that 
a constriction is formed about 3 mm, in diameter through which 
they can subsequently be filled. 

4, Small capillary funnel made from a test-tube by drawing 
out a neck less than 3mm. in diameter and about 15 cm. long. 

The method of making the mixtures is as follows: 

The volume of the disodium phosphate solution is measured 
into a carefully cleaned 100 c.c. graduated flask from the burette, 
and the volume made up exactly to 100 cc. with the acid 
potassium phosphate. The mixture so obtained will have the 
corresponding hydrogen exponent. 

The ‘cordite’ tubes are then filled with this solution, using 
the small capillary funnel. It is advisable to place a few 
small crystals of thymol in the tubes to prevent any bacterial 
growth. The tubes are numbered and the proper Py indicated 
upon them, and are sealed in the blow-pipe and are ready for 
use. ‘They should be kept in the dark when not in use. | 

As the dihydrate of sodium phosphate is somewhat difficult to 
prepare, and the dihydrogen potassium phosphate crystallizes 
with ease, an alternative method is given for preparing solutions 
of definite hydrogen ion concentration from the latter salt. 

' The solutions necessary are: 

1. A 1/5 normal solution of dihydrogen potassium phosphate 
containing phenol red. This is made by weighing out 13°616 
grams of that salt. This is dissolved in about 300 c.c. of boiled 
distilled water. ‘To the solution is added 90-6 c.c. of a 0-02 per 
cent. solution of phenol red. The mixture is then made up to 
500 c.c. 

2. A N/10 solution of sodium hydroxide. 

From these two solutions the following mixtures are made up: 


N/s5 KH,PO, N/to NaOH Water to Pr 
25 17°o 100 6°6 
pa 23°05 100 6:8 
25 29°63 100 7°0 
25 35°00 100 792 
25 39°59 - 100 7*4 
25 42°80 100 7°6 
25 45°20 100 7S 
25 40°So 100 8°O 


1 ‘ Cordite tubes’ are specially selected tubes of hard white glass which have a 
uniform thickness of wall and external diameter. They are used in certain colour 
reactions in the routine testing of cordite. Test-tubes of good quality may also 
be used, provided that a careful selection is made, so that they are all of the same 
measurements. The cordite tubes may be obtained from Baird and Tatlock, Cross 
Street, Hatton Garden, London, E.C, 
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This is done by measuring out 25 ¢.c. of the phosphate solution. 
with a pipette into a standard 100 cc. flask. The requisite 
amount of N/10 sodium hydroxide solution as given in the table 
is added from a burette and the volume of the mixture made up 
to 100 c.c. with distilled water. . 

It should be thoroughly appreciated that the task of making 
up sets of tubes containing standard solutions of definite hydrogen 
ion concentration is one in which scrupulous care must be 
observed. It is absolutely essential that the salts used are of the 
highest purity. At the present time this degree of purity is not 
to be found in commercial preparations, and therefore the direc- 
tions regarding purification and control by analysis must be 
carried out. In all cases, where possible, it would be better to 
entrust the preparation of the solutions to a chemist, rather than 
to attempt to make them in the bacteriological laboratory. For 
the cheniist, the making of the solutions is a comparatively simple 
matter. 


THE ADJUSTMENT OF THE Reaction oF Menta. 


It is usually desired to prepare a medium which has a reaction 
in the neighbourhood of Py = 7:0 to Py =7:5. Whatever the 
reaction of the medium may be before it is adjusted, it is useful 
to add so much alkali in the form ofa normal sodium hydroxide 
or a normal sodium carbonate solution that a drop of the medium 
on a piece of coralline paper gives a faint rose tint.! A medium 
which is made alkaline to this extent usually has a reaction 
somewhat more alkaline than strict neutrality (Py = 7:0). The 
reaction of the medium may then be accurately adjusted. 

The apparatus and reagents necessary for adjusting the reaction 
are: 

1. Set of tubes containing solutions of known Py with a 
definite concentration of indicator. 

2. Colour comparator. This consists of a rack to hold the 
tubes. In its earliest and simplest form it had places for two 
sets of tubes (Hurwitz, Meyer, and Ostenberg). A later form 
which is recommended has places for three sets of tubes (Cole 
and Onslow) (see fig. 1), or a rack may be made to contain a 
larger series of tubes (see fig. 2). 

3. Microburette. This may be improvised from an accurate 
1-0 c.c. or 2:0 c.c. bacteriological pipette divided into 0-01 or 
0-02 cc. A fine tip is attached to the lower end with rubber 
tubing and the delivery of the liquid controlled with a pinch-cock. 

4. Bacteriological pipette to deliver 0-5 c.c. and ordinary pipette 
of 5-0 c.c. capacity. 

1 Coralline (rosolic acid) paper is prepared by dipping thin filter paper or glazed 
paper into a 0.5 per cent. solution of the indicator in 50 per cent. aleohol. The 
strips of paper are then dried in the air and kept in a stoppered bottle. In using 
this paper the earliest change of colour can be detected by allowing the wet paper 


to come into contact with a piece of dry, white filter paper, which clearly shows 
the faintest pink colour, 


13 


5. Clean cordite tubes. 

6. Phenol red solution, 0-01 per cent., made by diluting the 
0-02 per cent. solution with an equal volume of water. 

7. Twentieth normal sodium hydroxide solution, made by 
taking 500 cc. of 1/10 normal NaOH, 91 c.c. of 0-01 phenol 
red, and making up to 1,000 c.c. with water, 

Five c.c. of the medium are measured out into one of the 
cordite tubes, and 0-5 c.c. of the 0-01 per cent. solution of phenol 
red are added. This is put in place 3 in the rack. In places 2 
and 6 are put the standard tubes of the reaction between which 
it is desired to adjust the medium. In place 4 is put a tube of 
distilled water. In places 1 and 5 are put tubes containing the 
medium without the addition of indicator. 





Bie. 1; 


In this way the light passing through the standard tubes 2 and 6 
traverses tubes containing uncoloured medium in 1 and 5, while 
the tube containing medium and indicator in 8 is backed by a 
layer of water. The conditions under which the light comes 
through the layers of liquid in all three sets of tubes are thus 
identical. 

Suppose that a reaction of Py = 7-3 is desired. Standard tubes 
7:2 and 7-4 are placed in spaces 2 and 6. It is easy to see from 
inspection of the standard tubes in the rack whether the medium 
is more alkaline or more acid than is wished. If the medium is 
more acid than the standard 7-2 it will be necessary to add alkali 
to tube 3 until the tint of this tube comes between the tints 
72and7:-4. ‘To do this, the 1/20 normal NaOH is added slowly 
from the microburette until the tint is between 7-2 and 7-4. 
After the addition of each small quantity of 1/20 normal alkali 
the contents of tube 3 are well mixed betore comparison.! 

It has been suggested that the 5 c.c. of medium should be 


1 For strict accuracy the same quantity of standard alkali should be added at the 
same rate to tubes 1 and 6, so as to compensate for any colour change of the natural 
pigment of the medium. Colour changes of this type are especially marked in the 
case of media made from vegetables. 
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gently boiled for thirty seconds and cooled rapidly before being 
titrated. This to a certain extent compensates for changes which 
take place on sterilization, and is, on the whole, a useful procedure. 

Knowing the amount of N/20 alkali which is necessary to bring 
the contents of tube 3 to the required tint, it is easy to calculate 
how much normal alkali will be necessary to bring a large volume 
of the medium to the requisite hydrogen ion concentration. 

For example: 

2,000 c.c. of a broth are made slightly alkaline to coralline by 
the addition of normal alkali. A broth 1s required of Py =7°4. 

In order to bring the tint of a tube containing 5 c.c. of the 
medium to a tint which will match the standard 7:4 tube, 0-32 c.e. 
of N/20 alkali are required. 

Then the amount of normal alkali which will be required to 
be added to 2,000 ¢c.c. of broth will be: 

2,000 ui 0-32 1 | 
1 ee at 1 Se hes 64-0 c.c. 

It will be noted that no allowance is made for the dilution of 
the broth by the 64-0 c.c. of alkali added. If the amount is not 
large, this error may be neglected for practical purposes. 


INCREASE IN HyproGEeNn Ion ConTENT ON STERILIZATION. 


All bacteriologists have noted that media become more acid 
on sterilization. The difficulties in ensuring that a medium shall 
have a definite hydrogen ion concentration after sterilization are 
great. This difficulty is increased when, as is often the case, the 
medium contains glucose or lactose, and when the medium is 
sterilized in tubes. 

If an excess of alkali be added to a medium containing glucose 
or lactose, it is rare that the reaction of the medium is above 
neutrality after sterilization. More often the hydrogen ion con- 
centration rises to Py=6.0. The attempt to compensate for 
this by adding an excess of alkali before sterilization is ineffective, 
because, owing to the increase of hydroxy] ions, the acid products 
are produced in greater quantity from the sugar. The products 
formed by the action of alkalies on sugars are many, and the 
acids which may be formed vary from saccharic acid to lactic 
acid. Another feature of the action of sugars in media con- 
taining amino acids is that these two combine to form so-called 
humin substances. ‘T'o this is due the darkening on sterilization 
of peptone solutions containing glucose. One never obtains a 
sterile glucose peptone so light in tint as a plain broth containing 
no carbohydrate. 

The only certain method of obtaining a glucose or lactose 
medium with a Py greater than 7-0 is to add sterile sugar 
solution after sterilization of the nitrogenous part of the medium. 

In this way the technical difficulties of preparing carbohydrate 
containing media of a Py greater than 7-0 are increased. With 
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careful asepsis in a still room sterile sugar solutions may be added 
to broth with the loss of comparatively few tubes. The methods 
for doing so are given in any text-book on bacteriology. 


REACTION OF Sorip MEDIA. 


Gelatine. The reaction of media containing gelatine may be 
easily determined if the medium is liquefied at 30°C. As a rule, 
gelatine is distinctly acid in reaction, and its addition to broth 
causes a rise in the hydrogen ion concentration of the mixture. 

Agar. The addition of a good quality agar to broth has but 
little effect on the latter. The reaction of the medium may be 
estimated in the liquefied medium, but the temperature at which 
this is done makes the determination difficult. It is therefore 
better to use a clean agar which, preferably, has been washed, 
and take the reaction of the broth as that of the complete 
medium. 

The reaction of the finished medium may be checked by adding 
the indicator to the liquefied medium, mixing it well and allow- 
ing it to cool thoroughly. The colours may then be compared, 
using the same precautions as in the case of broth. 
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